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Abstract
We investigate the supersymmetric electroweak corrections to the decay widths
of the CP -odd and the heavy CP -even Higgs bosons into chargino or neutralino
pair in the framework of the Minimal Supersymmetric Standard Model. The cor-
rections involve the contributions of the order O(αewm
3
t(b)/m
3
W
), O(αewm
2
t(b)/m
2
W
)
and O(αewmt(b)/mW ). The detailed calculations of the electroweak corrections to the
following decay processes: A0/H0 → χ˜+1 χ˜−1 and A0/H0 → χ˜02χ˜02 are presented in this
paper. We find that these relative corrections maybe rather large quantitatively, and
can exceed 10% in some regions of parameter space. The corrections to the decay
A0/H0 → χ˜01χ˜02 can be obtained analogously, but our results show that they are very
small and can be neglected.
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1 Introduction
In the Standard Model (SM) [1], there exist quadratically divergent contributions to the
corrections to the Higgs boson mass. This is the so-called naturalness problem of the SM.
A good way to solve this problem is to consider supersymmetric (SUSY) extensions of
the SM. Then the quadratic divergences can be cancelled by loop diagrams involving the
supersymmetric partners of the SM particles exactly. The most attractive supersymmetric
extension of the SM is the Minimal Supersymmetric Standard Model (MSSM) [2, 3]. In
the MSSM, we need two Higgs doublets H1 and H2 to give masses to up and down type
fermions and to assure the cancellation of anomalies. The Higgs spectrum consists of
three neutral Higgs bosons: one CP -odd particle (A0), two CP -even particles (h0 and
H0), and a charged Higgs boson (H±). At the tree level, the neutral Higgs boson masses
are determined by two input parameters (see Eq.(2.13)). In this paper, we choose the
mass of the CP -odd Higgs boson mA and tan β as the two input parameters in Higgs
sector, which is defined by tan β = v2/v1, where v1 and v2 are the vacuum expectation
values of the two Higgs boson fields H1 and H2, respectively. The radiative corrections to
the Higgs boson masses have been discussed in Ref.[4, 5, 6]. We find that the magnitude
of the corrections to mH and mA are less than 1% with our parameter choice, therefore
they will not be considered in our calculation.
The neutral Higgs boson decays can be divided into two types of decay modes, i.e.
the SM decay modes and the SUSY decay modes. The first type of decay modes (e.g.
A0/H0 → τ+τ−, H0 → γγ and ZZ or ZZ∗ → 4l) have been already carefully discussed,
especially in the parameter space with large SUSY particle masses where the Higgs boson
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decays into sparticles are kinematically forbidden [7, 8]. But for the second type of decay
modes, it has been found that the decays of the MSSM Higgs bosons into charginos or
neutralinos may have substantial branching fractions when kinematically allowed, and
can sometimes even dominate the usual SM decay modes [9, 10]. Moreover, the one-loop
calculation of the Higgs decay into the lightest neutralino pair (χ˜01χ˜
0
1) is important for the
dark matter search[11, 12]. Therefore, the widths of these SUSY decay modes should be
calculated more precisely. In this paper, we will study the radiative corrections to the
decays of A0 and H0 into charginos or neutralinos in detail.
Considering the Yukawa corrections of the order O(αewm
3
t(b)/m
3
W ), O(αewm
2
t(b)/m
2
W )
and O(αewmt(b)/mW ), we need calculate the one-loop Feynman diagrams involving the
third generation of quarks and squarks which are the main contributions to the electroweak
radiative corrections. The structure of this paper is as follows: in Section 2, we review
briefly chargino-neutralino, squark and Higgs sectors of the MSSM, and give some results
at the tree-level, in Section 3, we present our renormalization procedure, especially for
the Higgs sector, and give some analytical results of the corrections to the decay widths,
the numerical results and conclusions are presented in section 4, and in the Appendix,
we present the explicit expressions of form factors for these decays and some necessary
formulas.
2 Related theories at tree-level
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2.1 Chargino and Neutralino sector
The tree-level chargino and neutralino mass matrices X, Y are [3]
X =
(
M
√
2mW sin β√
2mW cos β µ
)
Y =


M ′ 0 −mZsW cos β mZsW sin β
0 M mZcW cos β −mZcW sinβ
−mZsW cos β mZcW cos β 0 −µ
mZsW sin β −mZcW sin β −µ 0

 (2.1)
To obtain the tree-level masses of chargino and neutralino, we introduce three unitary
matrices U, V and N to diagonalize X and Y :
U∗XV −1 = MD = diag(mχ˜+1
,mχ˜+2
), (0 < mχ˜+1
< mχ˜+2
)
N∗Y N−1 = ND = diag(mχ˜01 ,mχ˜02 ,mχ˜03 ,mχ˜04), (0 < mχ˜01 < mχ˜02 < mχ˜03 < mχ˜04).(2.2)
where mχ˜+i
, (i = 1, 2) and mχ˜0j
, (j = 1, ..., 4) are the masses of charginos and neutralinos
respectively.
2.2 Squark sector
The tree-level stop and sbottom mass matrices are
M2
t˜
=
(
M2
Q˜
+m2t +m
2
Z cos 2β
(
1
2 − 23s2W
)
mt (At − µ cot β)
mt (At − µ cot β) M2U˜ +m2t +
2
3m
2
Z cos 2βs
2
W
)
M2
b˜
=
(
M2
Q˜
+m2b −m2Z cos 2β
(
1
2 − 13s2W
)
mb (Ab − µ tan β)
mb (Ab − µ tan β) M2D˜ +m2b −
1
3m
2
Z cos 2βs
2
W
)
(2.3)
where MQ˜,MU˜ ,MD˜ are the soft-SUSY-breaking masses and At,b the corresponding soft-
SUSY-breaking trilinear coupling parameters. They can be diagonalized by unitary ma-
trices Rq˜ via
Rq˜M2q˜Rq˜† = diag(m2q˜1 ,m2q˜2) (2.4)
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where
Rq˜ =
(
cos θq sin θq
− sin θq cos θq
)
(−π/2 ≤ θq˜ ≤ π/2, q = t, b). (2.5)
2.3 Higgs sector
For the convenience of the Higgs potential, we introduce two SU(2) Higgs doublets HL,HR
defined as
H2 = HL, H1 = H
c
R = iτ2H
∗
R (2.6)
where τ2 is the second Pauli matrix. The Higgs potential can be divided into four parts
VH = V
(1)
H + V
(2)
H + V
(3)
H + V
(4)
H (2.7)
which represent the linear, quadratic, cube and quartic terms respectively. In terms of the
shifted fields by [5] [8]
HL =
(
HL+
vL/
√
2 +HRL0 + iH
I
L0
)
, HR =
(
HR+
vR/
√
2 +HRR0 + iH
I
R0
)
(2.8)
the linear term can be expressed as
V
(1)
H =
√
2vLH
R
L0
[
m2LH+ | µ |2 +
g2 + g′2
8
(v2L − v2R)−m2
vR
vL
]
+
√
2vRH
R
R0
[
m2RH+ | µ |2 +
g2 + g′2
8
(v2R − v2L)−m2
vL
vR
]
(2.9)
where mLH ,mRH and m are the soft-SUSY-breaking Higgs sector mass parameters. We
define the coefficients of V RL0 and V
R
R0 in Eq.(2.9) to be
TL = vL
[
m2LH+ | µ |2 +
g2 + g′2
8
(v2L − v2R)−m2
vR
vL
]
TR = vR
[
m2RH+ | µ |2 +
g2 + g′2
8
(v2R − v2L)−m2
vL
vR
]
(2.10)
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Then the linear term of Higgs potential can be written as
V
(1)
H =
√
2HRL0TL +
√
2HRR0TR. (2.11)
The quadratic Higgs potential V
(2)
H in Eq.(2.7) consists of two parts which are relevant
to charged Higgs and neutral Higgs bosons, respectively. In this paper, we only consider
the radiative corrections to the MSSM neutral Higgs boson decays. The neutral Higgs
part of V
(2)
H can be written in the form [8]
V
(2)neu
H =
(
HIL0H
I
R0
)( TL
vL
+m2 vRvL −m2
−m2 TRvR +m2
vL
vR
)(
HIL0
HIR0
)
+
(
HRL0H
R
R0
)( TL
vL
+m2 vRvL +
g2+g′2
4 v
2
L −m2 − g
2+g′2
4 vLvR
−m2 − g2+g′24 vLvR TRvR +m2
vL
vR
+ g
2+g′2
4 v
2
R
)(
HRL0
HRR0
)
.
By defining
√
2
(
HIL0
HIR0
)
= S(β)
(
G0
−A0
)
=
(
sin β − cos β
cos β sin β
)(
G0
−A0
)
√
2
(
HRL0
HRR0
)
= S(α)
(
H0
−h0
)
=
(
sinα − cosα
cosα sinα
)(
H0
−h0
)
(2.12)
tan β =
vL
vR
, tan 2α =
m2A +m
2
Z
m2A −m2Z
tan 2β
m2A = m
2 v
2
L + v
2
R
vLvR
=
m2
sin β cos β
m2H,h =
1
2
(
m2A +m
2
Z ±
√
(m2A +m
2
Z)
2 − 4m2Zm2A cos2(2β)
)
(2.13)
TH = TL sinα+ TR cosα
Th = TL cosα− TR sinα, (2.14)
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we can get
V
(1)
H = THH
0 + Thh
0
V
(2)neu
H =
1
2
(
H0h0
)( m2H + bHH bHh
bHh m
2
h + bhh
)(
H0
h0
)
+
1
2
(
G0A0
)( bGG bGA
bGA m
2
A + bAA
)(
G0
A0
)
(2.15)
with
bHH =
g
mW sin 2β
[TH(cos
3 α sin β + sin3 α cos β) + Th sinα cosα sin(α− β)]
bhh =
g
mW sin 2β
[TH sinα cosα cos(α− β) + Th(cos3 α cos β − sin3 α sin β)]
bHh =
g sin 2α
2mW sin 2β
[TH sin(α− β) + Th cos(α− β)]
bGG =
g
2mW
[TH cos(α− β)− Th sin(α− β)]
bAA =
g
mW sin 2β
[TH(sin
3 β cosα+ cos3 β sinα) + Th(cos
3 β cosα− sin3 β sinα)]
bGA =
g
2mW
[TH sin(α− β) + Th cos(α− β)] (2.16)
2.4 Tree-level results
The relevant part of the MSSM Lagrangian at the tree-level to the decays concerned in
this paper, can be expressed as
L =
2∑
i,j=1
[−gH0 ¯˜χ+i (PLJH∗ji + PRJHij )χ˜+j − gh0 ¯˜χ+i (PLJh∗ji + PRJhij)χ˜+j
+ igG0 ¯˜χ
+
i (PLJ
G∗
ji − PRJGij )χ˜+j + igA0 ¯˜χ+i (PLJA∗ji − PRJAij )χ˜+j ]
+
1
2
4∑
i,j=1
[gH0 ¯˜χ
0
i (PLF
H∗
ij + PRF
H
ij )χ˜
0
j + gh
0 ¯˜χ
0
i (PLF
h∗
ij + PRF
h
ij)χ˜
0
j
− igG0 ¯˜χ0i (PLFG∗ij − PRFGij )χ˜0j − igA0 ¯˜χ0i (PLFA∗ij − PRFAij )χ˜0j ] (2.17)
where PL,R =
1
2(1∓ γ5), and the matrices JH,h,G,Aij , FH,h,G,Aij are defined in Appendix A.
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By using above Lagrangian, we can easily obtain
| Mt(A0 → χ˜+i χ˜−j ) |2 = g2
[
(| JAij |2 + | JAji |2)m2A − (| JAijmχ˜+i − J
A∗
ji mχ˜+j
|2
+ | JAijmχ˜+j − J
A∗
ji mχ˜+i
|2)
]
| Mt(H0 → χ˜+i χ˜−j ) |2 = g2
[
(| JHij |2 + | JHji |2)m2H − (| JHij mχ˜+i + J
H∗
ji mχ˜+j
|2
+ | JHij mχ˜+j + J
H∗
ji mχ˜+i
|2)
]
| Mt(A0 → χ˜0i χ˜0j ) |2 = 2g2
[
| FAij |2 m2A− | FAijmχ˜0i − F
A∗
ij mχ˜0j |
2
]
| Mt(H0 → χ˜0i χ˜0j ) |2 = 2g2
[
| FHij |2 m2H− | FHij mχ˜0i + F
H∗
ij mχ˜0j |
2
]
(2.18)
The tree-level decay widths can be obtained immediately after the integration over the
phase space.
3 Renormalization and radiative corrections
The Feynman diagrams involving the third generation of quarks and squarks are shown
in Fig.1 (Fig.1.c and Fig.1.f). In our calculation, we use the t’Hooft gauge and adopt
the dimensional reduction (DR) [13] scheme, which preserves supersymmetry at least
at the one-loop level. The complete on-mass-shell scheme [14, 15, 16] is used in doing
renormalization.
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The relevant renormalization constants in our calculation are defined as [14]:
PLχ˜
+
i → ZL1/2+,ij PLχ˜+j , PRχ˜+i → ZR1/2+,ij PRχ˜+j
PLχ˜
0
i → ZL1/20,ij PLχ˜0j , PRχ˜0i → ZR1/20,ij PRχ˜0j (ZR0,ij = ZL∗0,ij)(
G0
A0
)
→
(
1 + 12δZGG
1
2δZGA
1
2δZAG 1 +
1
2δZAA
)(
G0
A0
)
(
H0
h0
)
→
(
1 + 12δZHH
1
2δZHh
1
2δZhH 1 +
1
2δZhh
)(
H0
h0
)
g → g + δg, β → β + δβ
m2A → m2A + δm2A, m2Z,W → m2Z,W + δm2Z,W
U → U + δU, V → V + δV, N → N + δN. (3.1)
All these renormalization constants can be fixed by the on-mass-shell renormalization
conditions:
(1) The vacuum expectation values (VEV) of H0 and h0 are zero [5]:
〈0 | H0 | 0〉 = 〈0 | h0 | 0〉 = 0 (3.2)
At the tree-level, this means TH = Th = 0, and therefore bHH,Hh,hh,GG,GA,AA = 0. Then
from Eq.(2.15), we can get the counterterm of V
(1)
H
δV
(1)
H = δTHH
0 + δThh
0 (3.3)
When we consider the radiative corrections at one-loop level, the vacuum conditions (3.2)
tell us that
iΓˆH = iTH − iδTH = 0
iΓˆh = iT h − iδTh = 0 (3.4)
where iΓˆH,h are renormalized one-point Green functions (renormalized tadpoles) of H0
and h0, and iTH,h,−iδTH,h are the contributions from the one-loop diagrams (tadpole
diagrams) and conterterm, respectively.
(2) On shell conditions for MSSM Higgs bosons [5] [8]:
Analogously, we can also get the counterterm of V
(2)neu
H from Eq.(2.15). Furthermore, all
the renormalized one-particle-irreducible two-point Green functions of the MSSM neutral
Higgs bosons (iΓˆHH , iΓˆHh...) can be obtained directly. The expressions of them are given
in Appendix B. In our renormalization scheme, we choose mA,mZ as the input parameters
for Higgs sector and set mA,mZ to be the physical masses of A
0 and Z0:
mA = m
phys.
A mZ = m
phys.
Z (3.5)
The relevant on-shell renormalization conditions for Higgs sector are
iΓˆAA(m2A) = iΓˆ
GA(m2A) = 0
∂iΓˆAA(p2)
∂p2
|p2=m2
A
= i
iΓˆHH(mphys.2H ) = iΓˆ
Hh(mphys.2H ) = 0
∂iΓˆHH(p2)
∂p2
|
p2=mphys.2
H
= i (3.6)
where mphys.H is the physical mass of H
0. Then we obtain
δm2A = Σ
AA(m2A)− δbAA
mphys.2H = m
2
H + δm
2
H − ΣHH(m2H) + δbHH
δZAA = −∂Σ
AA(p2)
∂p2
|p2=m2
A
δZHH = −∂Σ
HH(p2)
∂p2
|p2=m2
H
δZGA =
2
m2A
[δbGA − ΣGA(m2A)]
δZhH =
2
m2H −m2h
[δbHh − ΣHh(m2H)] (3.7)
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with the definition
δm2H =
∂m2H
∂m2Z
δm2Z +
∂m2H
∂m2A
δm2A +
∂m2H
∂β
δβ (3.8)
(3) For the renormalization of the parameters β and α, we use the relation between
δβ and δZGA
δZGA = sin 2β
[
2
δ tan β
tan β
+
δvR
vR
− δvL
vL
]
and impose δvL/vL = δvR/vR, then we have
δβ =
δZGA
4
δα = sin 4α
[
δβ
sin 4β
+
m2Aδm
2
Z −m2Zδm2A
2(m4A −m4Z)
]
(3.9)
The renomalization of the rest parameters and fields can be found in Ref.[14, 17, 18, 19].
By substituting Eq.(3.1) into the Lagrangian (2.17), we can obtain the counterterms
of these vertices (see Eq.(5.3) in Appendix A). Then the renormalized amplitudes can be
expressed as
Mtot =Mt +Mv +Mc (3.10)
where Mc and Mv represent the counterterm and the vertex corrections respectively.
The divergence in Mv can be cancelled by that in Mc exactly. It can be checked
both analytically and numerically. The form factors of the renormalized amplitudes
Mtot(A0/H0 → χ˜+i χ˜−j ) and Mtot(A0/H0 → χ˜0i χ˜0j) can be written as
J
(tot)A,H
ij = J
A,H
ij + J
(v)A,H
ij + J
(c)A,H
ij
F
(tot)A,H
ij = F
A,H
ij + F
(v)A,H
ij + F
(c)A,H
ij (3.11)
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where J
(v)A,H
ij and F
(v)A,H
ij are the terms contributed by the vertex corrections. The ex-
pressions of these form factors are listed in Appendix A. Then we can get the renormalized
decay width Γtot directly. To describe the magnitude of the radiative corrections to the
decay width, we define the relative correction δ = (Γtot − Γtree)/Γtree. This quantity will
be used in the next section.
4 Numerical results
In this section, we present some numerical results for the quark-squark loop corrections to
the chargino and nuetralino decays of A0 andH0. Since we find the correction to the decay
A0/H0 → χ˜01χ˜02 is very small and can be neglected, we present the results only for the
decays of A0/H0 → χ˜+1 χ˜−1 /χ˜02χ˜02 here. In our numerical calculation, the SM parameters
are taken to be mt = 174.3 GeV, mb = 4.3 GeV, mZ = 91.188 GeV, mW = 80.41 GeV
and αEW = 1/128 [20]. And the other MSSM parameters are determined as follows:
(1) For the parameters MQ˜,U˜,D˜ and At,b in sqark mass matrices, we set MQ˜ = MU˜ =
MD˜ = At = Ab = 200 GeV.
(2) In the calculation of the corrections to the decays A0/H0 → χ˜+1 χ˜−1 , we choose
tan β and the masses of the two charginos mχ˜+1,2
as the input parameters to determine
the relevant parameters in the chargino sector. Then the parameters µ and M in the
mass matrix of chargino can be extracted from these input parameters. (In this paper, we
assume µ is negative.)
(3) When we calculate the corrections to the decays A0/H0 → χ˜02χ˜02, we need four
independent parameters to determine the neutralino sector. Usually these parameters are
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taken as tan β,M,M ′ and µ. But in our paper, we impose the relation between M and
M ′: M ′ = (5/3) tan2 θWM [3] and take tan β, µ and mχ˜02 as the input parameters.
In Fig.2 and Fig.3 we plot the relative corrections δ as functions of tan β for A0 and H0
decays with mA = 250 GeV and mH = 250 GeV respectively. In the two figures, the solid
curves represent the decays A0/H0 → χ˜+1 χ˜−1 with the input parameters mχ˜+1 = 110 GeV,
mχ˜+2
= 300 GeV, and the dotted curves represent the decays A0/H0 → χ˜02χ˜02 where we
take mχ˜02 = 100 GeV, µ = −200 GeV. For the chargino decay of A
0(H0) (solid curve), the
relative correction δ decrease from −7.5% (−13.2%) to −4.6% (−5.1%) as the increment
of tan β from 2 to about 7, and then increase to −14.0% (−17.8%) as tan β to 36. The
corrections to the chargino decays of A0 and H0 are very sensitive to the value of tan β
and quite similar to each other. In contrast to the chargino decays of A0 and H0, the
correction to the neutralino decay of A0: A0 → χ˜02χ˜02 (dotted curve in Fig.2) is insensitive
to the value of tan β. It varies only from −5.4% to −7.3% as tan β running from 2 to 36.
For the decay H0 → χ˜02χ˜02, there are two peaks at tan β ∼ 1.85 and 30 which corresponding
to the resonance effects at the positions where mH(250GeV)∼ 2 × mt˜1(2 × 124.65GeV)
and mH(250GeV)∼ 2×mb˜2(2× 124.07GeV) respectively. The absence of these resonance
effects on the dotted curve in Fig.2 (A0 → χ˜02χ˜02) due to the fact that the couplings VA0 t˜†i t˜j
and V
A0b˜†i b˜j
are zero when i = j (see Eq.(5.20)).
In Fig.4 and Fig.5 we present the relative corrections as functions ofmA for the chargino
and neutralino decays of A0 respectively. Here tan β is set to be 4 (solid curves) and 30
(dotted curves) to make comparison. The values of the relevant input parameters are
given in the figures. The peaks at mA ∼ 348 GeV on the solid curves (tan β = 4) in Fig.4
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and Fig.5 just reflect the resonance effect at the position mA ∼ 2 ×mt(2 × 174.3 GeV).
As shown in the figures, the relative corrections are insensitive to mA and less than −7%
for almost all the values in the range of 250(220) GeV to 400 GeV except for the region
around the resonance position: mA ∼ 2 × mt. As mentioned in Appendix C, this top
quark resonance effect are remarkable only when tan β is small for the appearance of cot β
in the coupling of the vertex A0− t¯− t. Therefore, there are no apparent resonance peaks
at mA ∼ 348 GeV on the dotted curves (tan β = 30).
In the case of the chargino decay of A0: A0 → χ˜+1 χ˜−1 , for tan β = 30,mχ˜+1 = 110 GeV
and mχ˜+2
= 300 GeV (dotted curve in Fig.4), the squark masses are mt˜1 = 180.96 GeV,
mt˜2 = 322.28 GeV, mb˜1 = 241.57 GeV and mb˜2 = 160.71 GeV. The first squark resonance
peak should appear at mA ∼ mb˜1 + mb˜2 = 402.28 GeV which is just beyond the upper
limit of mA (400 GeV), therefore it can not be displayed completely in Fig.4. As shown in
Fig.4, the relative correction to this decay varies from −10.8% to −16.3% as mA increasing
from 250 GeV to 400 GeV.
For the neutralino decay of A0: A0 → χ˜02χ˜02, with the input parameters tan β = 30, µ =
−200 GeV and mχ˜02 = 100 GeV, the squark masses are mt˜1 = 179.65 GeV, mt˜2 = 323.01
GeV, mb˜1 = 262.28 GeV and mb˜2 = 124.07 GeV. The sharp peak on the dotted curve in
Fig.5 is just at mA = mb˜1 +mb˜2 = 386.35 GeV. The correction increases slowly from −6%
to −8% as the mass of A0 varying from 220 GeV to 370 GeV, and then increases rapidly
as mA to 386 GeV for the resonance effect around this position.
Analogously, the mH dependence of the corrections to the chargino and neutralino
decays of H0 are depicted in Fig.6 and Fig.7. From Fig.6 (Fig.7) we can see that for the
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chargino (neutralino) decay of H0 there are three peaks on the curves. The peak on the
solid curve corresponds to the resonance effect at the position mH = 339.88 (315.14) GeV
∼ 2 ×mt˜1 = 2 × 170.27 (158.00) GeV in the case of tan β = 4. The other two peaks on
the dotted curve are just at mH = 321.06 (248.09) GeV ∼ 2×mb˜2 = 2 × 160.71 (124.07)
GeV and mH = 361.05 (359.05) GeV ∼ 2 ×mt˜1 = 2 × 180.96 (179.65) GeV. They can
also be explained by the resonance effects of the chargino (neutralino) decay of H0 with
tan β = 30. Except for the resonance effects, the corrections are about −5% ∼ −7% and
insensitive to mH when tan β = 4. But, for tan β = 30, the corrections can exceed −10%,
especially in the case of the chargino decay of H0, it can reach about −17%.
The relative corrections to the chargino decays of A0 and H0 versus the lightest
chargino mass mχ˜+1
with tan β = 4 and 30 are given in Fig.8. The upper two curves
represent the cases of tan β = 4 and the lower two, tan β = 30. The radiative corrections
to these decay modes are all insensitive to mχ˜+1
. In the case of tan β = 30, the relative
corrections are considerable. They can reach about −11.7% and −15.2% for the chargino
decays of A0 and H0 respectively.
For the neutralino decays of A0 and H0, A0/H0 → χ˜02χ˜02, we plot the relative correc-
tions as functions of mχ˜02 in Fig.9. The curves in this figure are quite different in shape
from those in Fig.8. The corrections are sensitive to mχ˜02 , especially in the case of large
tan β. For tan β = 30, there are two small peaks on the solid and dotted curves which
are just at mχ˜02 = 128 GeV ∼ mb + mb˜2 = 4.3 GeV + 124.07 GeV. They are the only
resonance peaks which can appear in this figure as mχ˜02 in the range of 100 to 160 GeV.
In summary, we have computed the supersymmetric electroweak corrections to the
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partial widths of the deacys A0/H0 → χ˜+1 χ˜−1 and A0/H0 → χ˜02χ˜02 in the MSSM. Only the
third generation of quarks and squarks are included in our one-loop Feynman diagrams
calculation. The corrections to these decay modes are all important and can exceed
−10% in some parameter space, therefore they should be taken into account in the precise
experiment analysis.
After the submission of this manuscript to Physical Review D, we found similar calcula-
tions in Ref.[23] where they gave the electroweak corrections to the decays (h0,H0, A0)→
χ˜0i + χ˜
0
j and χ˜
0
i → (h0,H0, A0) + χ˜0j , (i, j = 1, 2, 3, 4).
Acknowledgements: This work was supported in part by the National Natural Science
Foundation of China(project Nos: 19875049, 10005009), the Doctoral Program Founda-
tion of the Education Ministry of China, and a grant from the Ministry of Science and
Technology of China.
5 Appendix
5.1 Appendix A
The matrices JH,h,G,A and FH,h,G,A are defined as follows:
(
JHij
Jhij
)
=
(
cosα sinα
− sinα cosα
)(
Qij
Sij
)
(
JGij
JAij
)
=
( − cos β sin β
sin β cos β
)(
Qij
Sij
)
(
FHij
F hij
)
=
( − cosα sinα
sinα cosα
)(
Q′′ij
S′′ij
)
(
FGij
FAij
)
=
(
cos β sin β
− sin β cos β
)(
Q′′ij
S′′ij
)
(5.1)
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where
Qij =
1√
2
Vi1Uj2
Sij =
1√
2
Vi2Uj1 (i, j = 1, 2)
Q′′ij =
1
2
[Ni3(Nj2 −Nj1 tan θW ) +Nj3(Ni2 −Ni1 tan θW )]
S′′ij =
1
2
[Ni4(Nj2 −Nj1 tan θW ) +Nj4(Ni2 −Ni1 tan θW )] (i, j = 1, ..., 4) (5.2)
From these definitions, we can find that Q′′, S′′ and FH,h,G,A are symmetric matrices. The
counterterms of the vertices A0(H0)¯˜χ
+
i χ˜
+
j and A
0(H0)¯˜χ
0
i χ˜
0
j can be written in the form
δL = −gH0 ¯˜χ+i (PLJ (c)H∗ji + PRJ (c)Hij )χ˜+j + igA0 ¯˜χ+i (PLJ (c)A∗ji − PRJ (c)Aij )χ˜+j
+
g
2
H0 ¯˜χ
0
i (PLF
(c)H∗
ij + PRF
(c)H
ij )χ˜
0
j −
ig
2
A0 ¯˜χ
0
i (PLF
(c)A∗
ij − PRF (c)Aij )χ˜0j (5.3)
where J
(c)A,H
ij and F
(c)A,H
ij are the form factors of the counterterms.
The expression of J
(c)H
ij is
J
(c)H
ij = δJ
H
ij +
δg
g
JHij +
1
2
δZHHJ
H
ij +
1
2
δZhHJ
h
ij +
2∑
k=1
[
1
2
δZR+,kjJ
H
ik +
1
2
δZL∗+,kiJ
H
kj
]
(5.4)
The other three form factors J
(c)A
ij , F
(c)H
ij and F
(c)A
ij can be written down analogously. To
express the form factors F
v(A,H)
ij and J
v(A,H)
ij contributed by the vertex corrections, we
introduce some notations to denote the vertices which will be used
A0 − t¯− t : VA0t¯tγ5 A0 − b¯− b : VA0b¯bγ5
H0 − t¯− t : VH0t¯t H0 − b¯− b : VH0b¯b
A0(H0)− t˜†i − t˜j : VA0(H0)t˜†
i
t˜j
A0(H0)− b˜†i − b˜j : VA0(H0)b˜†
i
b˜j
t¯− χ˜0i − t˜j : V Lt¯χ˜0i t˜jPL + V
R
t¯χ˜0i t˜j
PR b¯− χ˜0i − b˜j : V Lb¯χ˜0i b˜jPL + V
R
b¯χ˜0i b˜j
PR
t¯− χ˜+i − b˜j : V Lt¯χ˜+i b˜jPL + V
R
t¯χ˜+i b˜j
PR b¯− ¯˜χ+i − t˜j : (V Lb¯¯˜χ+i t˜jPL + V
R
b¯¯˜χ
+
i t˜j
PR)C (5.5)
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For the decays A0/H0 → χ˜0i χ˜0j , we define
B0 = B0(q) ≡ B0(−p,mq,mq)
C
(1)
0,11,12 = C
(1)
0,11,12(i, j, q, k) ≡ C0,11,12(ki,−p,mq˜k ,mq,mq)
C
(2)
0,11,12 = C
(2)
0,11,12(i, j, q, k, l) ≡ C0,11,12(ki,−p,mq,mq˜k ,mq˜l) (5.6)
FA,H(1)a = F
A,H(1)
a (i, j, q, k) ≡ VA0,H0q¯qV L∗q¯χ˜0i q˜kV
L
q¯χ˜0j q˜k
F
A,H(1)
b = F
A,H(1)
b (i, j, q, k) ≡ VA0,H0q¯qV L∗q¯χ˜0i q˜kV
R
q¯χ˜0j q˜k
FA,H(1)c = F
A,H(1)
c (i, j, q, k) ≡ VA0,H0q¯qV R∗q¯χ˜0i q˜kV
L
q¯χ˜0j q˜k
F
A,H(1)
d = F
A,H(1)
d (i, j, q, k) ≡ VA0,H0q¯qV R∗q¯χ˜0i q˜kV
R
q¯χ˜0j q˜k
(5.7)
FA,H(2)a = F
A,H(2)
a (i, j, q, k, l) ≡ VA0,H0q˜†
l
q˜k
V L∗q¯χ˜0
i
q˜k
V Lq¯χ˜0
j
q˜l
F
A,H(2)
b = F
A,H(2)
b (i, j, q, k, l) ≡ VA0,H0q˜†
l
q˜k
V L∗q¯χ˜0i q˜k
V Rq¯χ˜0j q˜l
FA,H(2)c = F
A,H(2)
c (i, j, q, k, l) ≡ VA0,H0q˜†
l
q˜k
V R∗q¯χ˜0i q˜k
V Rq¯χ˜0j q˜l
(5.8)
where q = t or b, p = ki+ kj, ki and kj are the outgoing momenta of χ˜
0
i and χ˜
0
j . Then the
form factors F
v(A,H)
ij can be written as
F
v(A)
ij =
−Nc
16π2g
∑
q=t,b
(
Λ
A(1)
ij + Λ
A(2)
ij
)
+ (i↔ j)
F
v(H)
ij =
−iNc
16π2g
∑
q=t,b
(
Λ
H(1)
ij + Λ
H(2)
ij
)
+ (i↔ j) (5.9)
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where Nc = 3,
Λ
A(1)
ij =
2∑
k=1
[(
mqmχ˜0j
FA(1)a + (m
2
q −m2q˜k)F
A(1)
b +mχ˜0i
mχ˜0j
FA(1)c +mqmχ˜0i
F
A(1)
d
)
C
(1)
0
+
(
mχ˜0i
mχ˜0j
FA(1)c −m2χ˜0iF
A(1)
b
)
C
(1)
11 + (m
2
χ˜0i
−m2χ˜0j )F
A(1)
b C
(1)
12 + F
A(1)
b B0
]
Λ
A(2)
ij =
2∑
k,l=1
[
mqF
A(2)
b C
(2)
0 −mχ˜0iF
A(2)
c C
(2)
11 +
(
mχ˜0iF
A(2)
c −mχ˜0jF
A(2)
a
)
C
(2)
12
]
(5.10)
Λ
H(1)
ij =
2∑
k=1
[(
mqmχ˜0j
FH(1)a + (m
2
q +m
2
q˜k
)F
H(1)
b +mχ˜0i
mχ˜0j
FH(1)c +mqmχ˜0i
F
H(1)
d
)
C
(1)
0
+
(
mχ˜0i
mχ˜0j
FH(1)c +m
2
χ˜0
i
F
H(1)
b + 2mqmχ˜0i
F
H(1)
d
)
C
(1)
11
+
(
2mqmχ˜0j
FH(1)a + (m
2
χ˜0j
−m2χ˜0i )F
H(1)
b − 2mqmχ˜0iF
H(1)
d
)
C
(1)
12 − FH(1)b B0
]
Λ
H(2)
ij =
2∑
k,l=1
[
mqF
H(2)
b C
(2)
0 −mχ˜0iF
H(2)
c C
(2)
11 +
(
mχ˜0i
FH(2)c −mχ˜0jF
H(2)
a
)
C
(2)
12
]
(5.11)
For the decays A0/H0 → χ˜+i χ˜−j , we define
C
′(1)
0,11,12 = C
′(1)
0,11,12(i, j, q, k) ≡
{
C0,11,12(ki,−p,mb˜k ,mt,mt), q = t
C0,11,12(ki,−p,mt˜k ,mb,mb), q = b
C
′(2)
0,11,12 = C
′(2)
0,11,12(i, j, q, k, l) ≡
{
C0,11,12(ki,−p,mt,mb˜k ,mb˜l), q = t
C0,11,12(ki,−p,mb,mt˜k ,mt˜l), q = b
(5.12)
JA,H(1)a = J
A,H(1)
a (i, j, q, k) ≡


VA0,H0 t¯tV
L∗
t¯χ˜+i b˜k
V L
t¯χ˜+j b˜k
, q = t
VA0,H0b¯bV
L∗
b¯¯˜χ+i t˜k
V L
b¯¯˜χ+j t˜k
, q = b
JA,H(2)a = J
A,H(2)
a (i, j, q, k, l) ≡


V
A0,H0b˜†
l
b˜k
V L∗
t¯χ˜+i b˜k
V L
t¯χ˜+j b˜l
, q = t
V
A0,H0t˜†
l
t˜k
V L∗
b¯¯˜χ
+
i t˜k
V L
b¯¯˜χ
+
j t˜l
, q = b
(5.13)
where ki and kj are the outgoing momenta of χ˜
+
i and χ˜
−
j . As in Eq.(5.7) and (5.8), the
definitions of J
A,H(1)
b,c,d and J
A,H(2)
b,c can be obtained from the definitions of J
A,H(1)
a and
J
A,H(2)
a only by substituting for their superscripts L,L. Then the form factors J
v(A,H)
ij can
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be expressed as follows
J
v(A)
ij =
Nc
16π2g
[
(Π
A(1)
ij +Π
A(2)
ij ) |q=t +(ΠA(1)ji +ΠA(2)ji ) |q=b
]
J
v(H)
ij =
iNc
16π2g
[
(Π
H(1)
ij +Π
H(2)
ij ) |q=t +(ΠH(1)ji +ΠH(2)ji ) |q=b
]
(5.14)
Π
A(1)
ij =
2∑
k=1
[(
mqmχ˜+j
JA(1)a + ǫ
AJ
A(1)
b +mχ˜+i
mχ˜+j
JA(1)c +mqmχ˜+i
J
A(1)
d
)
C
′(1)
0
+
(
mχ˜+i
mχ˜+j
JA(1)c −m2χ˜+
i
J
A(1)
b
)
C
′(1)
11 + (m
2
χ˜+
i
−m2
χ˜+
j
)J
A(1)
b C
′(1)
12 + J
A(1)
b B0
]
Π
A(2)
ij =
2∑
k,l=1
[
mqJ
A(2)
b C
′(2)
0 −mχ˜+i J
A(2)
c C
′(2)
11 +
(
mχ˜+i
JA(2)c −mχ˜+j J
A(2)
a
)
C
′(2)
12
]
(5.15)
Π
H(1)
ij =
2∑
k=1
[(
mqmχ˜+j
JH(1)a + ǫ
HJ
H(1)
b +mχ˜+i
mχ˜+j
JH(1)c +mqmχ˜+i
J
H(1)
d
)
C
′(1)
0
+
(
m2
χ˜+i
J
H(1)
b +mχ˜+i
mχ˜+j
JH(1)c + 2mqmχ˜+i
J
H(1)
d
)
C
′(1)
11
+
(
2mqmχ˜+j
JH(1)a + (m
2
χ˜+j
−m2
χ˜+i
)J
H(1)
b − 2mqmχ˜+i J
H(1)
d
)
C
′(1)
12 − JH(1)b B0
]
Π
H(2)
ij =
2∑
k,l=1
[
mqJ
H(2)
b C
′(2)
0 −mχ˜+i J
H(2)
c C
′(2)
11 +
(
mχ˜+i
JH(2)c −mχ˜+j J
H(2)
a
)
C
′(2)
12
]
(5.16)
where
ǫA,H = ǫA,H(q, k) ≡
{
m2t ∓m2b˜k , q = t
m2b ∓m2t˜k , q = b
(5.17)
In this paper, we adopt the definitions and calculation formulas of the two-point and
three-point Passarino-Veltman integrals shown in Ref.[21] and [22], respectively.
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5.2 Appendix B
The counterterm of the potential V
(2)neu
H is
δV
(2)neu
H =
1
2
H02(δZHHm
2
H + δm
2
H + δbHH) +
1
2
h02(δZhhm
2
h + δm
2
h + δbhh)
+
1
2
H0h0(δZHhm
2
H + δZhHm
2
h + 2δbHh) +
1
2
G02δbGG
+
1
2
A02(δZAAm
2
A + δm
2
A + δbAA) +
1
2
G0A0(δZAGm
2
A + 2δbGA) (5.18)
Here δbHH , δbhh, ... are functions of δTH and δTh. We can get their expressions from
that of bHH , bhh, ... in Eq.(2.16) by substituting δTH and δTh for TH and Th. Then the
renormalized two-point Green functions can be obtained
iΓˆHH(p2) = i(p2 −m2H) + iΣHH(p2) + i[δZHH (p2 −m2H)− δm2H − δbHH ]
iΓˆhh(p2) = i(p2 −m2h) + iΣhh(p2) + i[δZhh(p2 −m2h)− δm2h − δbhh]
iΓˆHh(p2) = iΣHh(p2) + i[
1
2
δZHh(p
2 −m2H) +
1
2
δZhH(p
2 −m2h)− δbHh]
iΓˆGG(p2) = ip2 + iΣGG(p2) + i[δZGGp
2 − δbGG]
iΓˆAA(p2) = i(p2 −m2A) + iΣAA(p2) + i[δZAA(p2 −m2A)− δm2A − δbAA]
iΓˆGA(p2) = iΣGA(p2) + i[
1
2
δZGAp
2 +
1
2
δZAG(p
2 −m2A)− δbGA] (5.19)
where the mass parameters of the CP−even neutral Higgs bosons mH and mh are deter-
mined by mA,mZ and tan β as in Eq.(2.13).
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5.3 Appendix C
Here we list some of the couplings of Higgs-quark-quark and Higgs-squark-squark vertices
which were used in the analysis of the numerical results:
A0 − t¯− t : VA0 t¯tγ5 = −
gmt cot β
2mW
γ5
H0 − t¯− t : VH0 t¯t = −i
gmt sinα
2mW sin β
A0 − t˜†i − t˜j : VA0 t˜†i t˜j = −
gmt
2mW
(µ+At cot β)(Rt˜i1Rt˜j2 −Rt˜i2Rt˜j1)
A0 − b˜†i − b˜j : VA0 b˜†i b˜j = −
gmb
2mW
(µ +Ab tan β)(Rb˜i1Rb˜j2 −Rb˜i2Rb˜j1) (5.20)
(1) For large tan β(& 30), the coupling VA0 t¯t is suppressed due to the factor cot β, therefore
the radiative corrections to the decays A0 → χ˜+1 χ˜−1 /χ˜02χ˜02 contributed by the diagrams
involving the vertex A0 − t¯− t are negligible.
(2) The couplings V
A0t˜†i t˜j
and V
A0t˜†i t˜j
are zero when i = j.
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Figure Captions
Fig.1 The relevant Feynman diagrams to the decays A0/H0 → χ˜0i χ˜0j , A0/H0 → χ˜+i χ˜−j :
(a) and (d) tree-level diagrams; (b) and (e) counterterms for vertices; (c-1)-(c-4) and (f-
1)-(f-4) one-loop vertex corrections. In diagrams (a), (b) and (c), i = j = 2, (d), (e) and
(f), i = j =1. In all the loop diagrams, the subscripts k and l run from 1 to 2.
Fig.2 The relative correction to A0 decay as a function of tan β. The solid and dotted
curves represent the decays A0 → χ˜+1 χ˜−1 and A0 → χ˜02χ˜02 respectively.
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Fig.3 The relative correction to H0 decay as a function of tan β. The solid and dotted
curves represent the decays H0 → χ˜+1 χ˜−1 and H0 → χ˜02χ˜02 respectively.
Fig.4 The relative correction to the decay A0 → χ˜+1 χ˜−1 as a function of mA.
Fig.5 The relative correction to the decay A0 → χ˜02χ˜02 as a function of mA.
Fig.6 The relative correction to the decay H0 → χ˜+1 χ˜−1 as a function of mH .
Fig.7 The relative correction to the decay H0 → χ˜02χ˜02 as a function of mH .
Fig.8 The relative correction as a function of mχ˜+1
. The solid (dotted) curves represent
the decay H0 → χ˜+1 χ˜−1 (A0 → χ˜+1 χ˜−1 ) for tan β = 4 and 30. The input parameters are set
to be mH = 350 GeV (mA = 350 GeV) and mχ˜+2
= 300 GeV.
Fig.9 The relative correction as a function of mχ˜02 . The solid (dotted) curves represent
the decay H0 → χ˜02χ˜02 (A0 → χ˜02χ˜02) for tan β = 4 and 30. The input parameters are set
to be mH = 350 GeV (mA = 350 GeV) and µ = −200 GeV.
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